Background: Early disruption of the blood-brain barrier (BBB) due to severe ischemia can be detected by MRI T2* permeability imaging. In middle cerebral artery (MCA) infarction, pretreatment T2* permeability derangements have been found in 22% of patients and are powerful predictors of hemorrhagic transformation after revascularization therapy. The frequency, clinical correlates, and relation to hemorrhagic transformation of permeability derangements in posterior circulation have not been previously explored, and may differ as ischemia volume and collateral status are different between vertebrobasilar and MCA infarcts. Methods: We analyzed clinical and pretreatment MRI data on consecutive patients undergoing recanalization therapy for acute vertebrobasilar ischemia at a medical center November 2001 through September 2009. Pretreatment MRI permeability images were derived from perfusion source imaging acquisitions. Permeability abnormality was detected as persisting increased signal intensity at later time points in perfusion MRI acquisition, indicating local accumulation of contrast caused by BBB leakage. Results: Among the 14 patients meeting study entry criteria, mean age was 71.1 years and median pretreatment NIHSS was 20.5. Permeability imaging abnormality was present in 1 of the 14 patients (7%). Among 14 patients, post-treatment parenchymal hematoma occurred in one and more minor degrees of hemorrhagic transformation in four. The one patient with pretreatment permeability abnormality was the patient to develop post-treatment parenchymal hematoma (Fisher's exact test, P = 0.07). Conclusion: Pretreatment permeability abnormality, an indicator of BBB derangements, is an infrequent finding in acute posterior circulation ischemic stroke and may be associated with an increased risk of parenchymal hematoma development undergoing recanalization therapy.
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Introduction
Hemorrhagic transformation is a feared complication of recanalization therapy for acute ischemic stroke. Established clinical and laboratory predictors of hemorrhagic transformation in patients with ischemic stroke include greater neurologic deficit severity, hyperglycemia, and later time to treatment. Some studies have already identified clinical and laboratory predictors of hemorrhagic transformation after recanalization therapy for stroke [1] [2] [3] [4] [5] . Increasing use of multimodal magnetic resonance imaging (MRI) offers an additional source of data regarding tissue status and potential tendency for hemorrhagic transformation [6, 7] . Several pretreatment MRI parameters have variably been reported in association with an increased risk of hemorrhagic transformation after recanalization therapy: leukoaraiosis [8] , prior cerebral microbleeds visualized with T2*-weighted MRI sequences [9] , and severe diffusion and perfusion deficit [10, 11] .
MRI permeability imaging is a promising potential additional and distinctive marker to identify patients with an increased tendency to hemorrhagic transformation. Dedicated MRI acquisitions have been used to identify blood-brain barrier permeability derangements in patients with brain tumors for grading [12, 13] . We previously reported that pretreatment permeability images derived from routine perfusion-weighted imaging source data, or slope images, may identify increased risk for hemorrhagic transformation in middle cerebral artery (MCA) stroke patients [14] . However, the frequency, clinical correlates, and relation to hemorrhagic transformation of permeability derangements in the posterior circulation stroke have not been previously explored, and may differ, as ischemic volume and collateral status are different, between vertebrobasilar and MCA infarctions. The objective of this study was to characterize the frequency and relation to hemorrhagic transformation of early disruption of the blood-brain barrier, detected by MRI T2* permeability imaging, in posterior circulation ischemic patients treated with recanalization therapy.
Patients and methods

Patient selection
We analyzed clinical, laboratory and pretreatment MRI data on consecutive patients in a prospectively maintained database who received recanalization therapy for acute ischemic stroke within the posterior circulation at a university hospital from November 2001 to September 2009.
Imaging methods
All patients underwent brain MRI (1.5 Tesla; Siemens Medical Systems) before recanalization therapy. The MRI protocol included diffusion-weighted imaging, gradient-recalled echo (repetition time, 800 ms; echo time 15 ms), fluid attenuated inversion-recovery sequences (repetition time, 7000 ms; echo time 105 ms, inversion time 2000 ms; matrix size, 256 × 256; field of view, 240 mm; slice thickness 5-7 mm; gap 2.5 mm), and T2* perfusion-weighted imaging sequence using MRI method previously described [15] . Diffusion-weighted imaging was performed with two levels of diffusion sensitization (b = 0 and 1000 s/mm 2 ]; 5-7 mm slice thickness, no gap, and 17-20 slices). Perfusion-weighted imaging was performed with timed contrastbolus passage technique (0.1 mg/kg contrast administered into an antecubital vein with a power injector at a rate of 5 cm 3 /sec). Perfusion-weighted imaging parameters were as follows: repetition time, 2000 ms; echo time, echo time, 60 ms; 20 slices; slice thickness 7 mm; no gap; matrix size, 128 × 6; and field of view, 240 mm. Map of mean transient time N10 s were generated by deconvolution of an arterial input function and tissue concentration curve [16] .
Derivation of permeability images
Permeability images were retrospectively derived from already acquired standard perfusion-weighted imaging source image data sets [14] . In all tissues, T2* signal intensity normally decrease with bolus passage of gadolinium contrast through the cerebral vasculature followed by a return to baseline signal intensity. However, some tissues will then demonstrate a late, secondary decline at the terminal phase of scan acquisition. Late signal intensity decrease at the terminal phase of scan acquisition reflects accumulation of contrast within tissue parenchyma presumed to be due to blood-brain barrier disruption. In patients with blood-brain barrier compromise, gadolinium will extravasate out of vasculature and into surrounding tissue, which will result in persisting or even falling T2* intensity [14] .
The analysis was confined to the cases with sufficient scan acquisition time (≥60 s) to permit blood-brain barrier leakage to be discerned from analysis of late transit phases of gadolinium passage associated with contrast bolus. For each voxel, signal intensities on serial perfusion-weighted imaging source images at the terminal 10 s (between 50 and 60 s after contrast bolus) portion of the perfusion-weighted imaging acquisition were used to calculate the slope of late signal intensity change. Voxel specific rates of terminal signal intensity change were determined using linear regression technique on the ImageJ platform (ImageJ version 1.36b; National Institute of Health, Bethesda, MD). In permeability images display, voxel with signal intensity slopes over the terminal phase of scan acquisition corresponding to increasing gadolinium concentration were colored black. Background noise was subtracted from signal intensity slope images using the baseline T2* map.
Hemorrhagic transformation image analysis
After recanalization therapy, all patients had a control MRI or computed tomography 24 h after treatment. Additional imaging was obtained for any worsening in neurological status. Hemorrhagic transformation was defined and classified into 7 subtypes (modified from Berger and colleagues [17] ): hemorrhagic infarct type 1 (HI-1), small petechiae along the margins of the infarction; hemorrhagic infarct type 2 (HI-2); more confluent petechiae within the infarction area but without the space occupying effect; parenchymal hematoma type 1 (PH-1), defined as hematoma in less than 30% of infarcted area with some space occupying effect; parenchymal hematoma type 2 (PH-2), hematoma in more than 30% or the infarcted area with substantial space-occupying effect; remote hematoma, intraparenchymal hematoma occurring outside the ischemic field; intra-ventricular hemorrhage; and subarachnoid hemorrhage. Patients could have more than one hemorrhagic type.
Two investigators who were blinded to follow-up images and clinical information independently reviewed pretreatment MRIs to determine the presence of signal changes on permeability images, based on visual inspection. Follow-up image for hemorrhagic transformation classification (HI1, HI2, PH1 and PH2) was reviewed by a third investigator. Pretreatment gradient-recalled echo images were also reviewed for microbleeds. The local Institutional Review Board approved the study.
Differences between the groups were examined by Fisher's exact test for categorical data and Mann-Whitney test for continuous data. For all analyses, P b 0.05 was considered statistically significant and 0.05 ≤ P b 0.20 was considered a trend.
Results
Among 21 patients with posterior circulation ischemic stroke who received recanalization therapy during the study period, pretreatment perfusion-weighted imaging was not performed in 7 patients. The characteristics of the 14 patients meeting study entry criteria are shown in Table 1 . Mean age was 71.1 years old and 5 patients (43%) were female. Median pretreatment National Institute of Health Stroke Scale (NIHSS) score was 20.5 (ranged 0-36). In the 13 patients with deficits at time of intervention, median time to recanalization therapy start was 14 h (range 2.2-120 hours). Another patient with basilar occlusion and repeated transient ischemic attacks was treated 2 days after resolution of the recent event. Revascularization interventions included intravenous thrombolysis only in 1, intra-arterial pharmacological thrombolysis only in 1, mechanical device only (mechanical embolus removal in cerebral ischemia [MERCI] retrieval system, wire disruption, angioplasty, and/or stent) in 8, and combination of pharmacologic thrombolysis and mechanical device in 4. None of the patients had microbleeds on pretreatment gradient-recalled echo imaging. Postintervention angiography showed complete recanalization in 9 patients, partial recanalization in 3 patients, and no recanalization in 2 patients.
Among all 14 patients, post-treatment parenchymal hematoma (PH-2) occurred in 1 and more minor degrees of hemorrhagic transformation in 4 (HI-2 in 2, HI-1 in 1, and intra-ventricular hemorrhage in 1). Patients with and without hemorrhagic transformation did not differ in age, NIHSS score, diastolic or systolic blood pressure, blood glucose, total cholesterol, platelet count, activated partial thromboplastin time, and rate of atrial fibrillation. However, all the patients who received combination of pharmacological thrombolysis and mechanical device had hemorrhagic transformation (likelihood ratio 11.7, Fisher's exact test p = 0.002).
Pretreatment permeability imaging abnormality was present in 1 of the 14 (7%) posterior circulation stroke patients. The one patient with pretreatment permeability abnormality was the one patient to develop post-treatment parenchymal hematoma (100% vs. 0%, Fisher's exact test, P = 0.07) (Fig. 1) . In four patients with other types of hemorrhagic transformation, pretreatment imaging did not show an increased permeability abnormality.
Discussion
This study is the first to characterize the frequency of pretreatment permeability abnormalities in large artery posterior circulation ischemic stroke and their relation to hemorrhagic transformation. We found permeability derangement in 7% of patients, and the patient with this abnormality was the only patient to evolve a major parenchymal hematoma after recanalization therapy.
Most investigations of hemorrhagic transformation after recanalization therapy to date have focused on anterior circulation infarcts [4, 7, 14] and there is little data available in posterior circulation stroke. Compared to anterior circulation occlusions, vertebral or basilar artery occlusions typically cause smaller ischemic lesion volumes, which may reduce the parenchymal hematoma rate. Clinical and laboratory features predictive of hemorrhagic transformation in the anterior circulation, such as age, NIHSS score, blood pressure, and serum glucose, did not predict hemorrhagic transformation in posterior circulation ischemic stroke in this series. In the only patient to develop parenchymal hematoma, pretreatment clinical presentation and laboratory data were not suggestive of hemorrhagic transformation risk, with blood pressure 136/90 mm Hg, NIHSS score 8, blood glucose 99 mg/dL, cholesterol 194 mg/dL, platelet 198*10 3 /μl, and no microbleeds. However, pretreatment permeability imaging showed abnormality of the blood-brain barrier had already developed, and the patient evolved a substantial pontine hematoma. In the anterior circulation, indices of blood-brain barrier disruption, including pretreatment permeability imaging and serum metalloproteinase-9 levels, have shown to be associated with parenchymal hematoma after recanalization therapy [14, 18] . The current study extends this finding to the posterior circulation. Since traditional clinical and laboratory predictors of hemorrhagic transformation are less powerful in the posterior circulation, this imaging biomarker of hematoma risk may be particularly useful in acute vertebral and basilar occlusions. Our data suggest permeability imaging can be a possible predictor in posterior circulation infarction to identify individuals with blood-brain barrier disruption who are at high risk for harmful effects of treatment because of parenchymal hematoma. While permeability abnormality predicted major hematoma, it did not foretell minor petechial hemorrhages after recanalization therapy in this series. This finding accords with a similar observation in anterior circulation infarcts [14] . Two potential explanations for this observation can be considered, one biological and one technological. The biological consideration is that some patients who develop petechial hemorrhages had fully intact blood-brain barrier at the time of MRI, but developed some blood-brain barrier disruption and loss of vessel wall integrity later in the course. The technical consideration is that the pragmatic permeability imaging technique in this study may be insensitive to very mild blood-brain barrier disruptions. We performed permeability analyses on standard perfusion MRI acquisitions. Dedicated perfusion acquisitions likely are more sensitive, but currently require additional contrast exposure and more prolonged acquisition times, so are difficult to incorporate into acute stroke imaging. However, compared with absence of hemorrhagic transformation, only parenchymal hematoma type 2 is associated with an increased risk for neurological deterioration after ischemic stroke with thrombolysis therapy [17, 19] . Therefore deriving permeability imaging from standard perfusion acquisitions is likely to be a useful tool to identify patients at risk of hemorrhagic transformations that would worsen final outcome.
We found patients receiving combinations of multiple recanalization interventions, including pharmacological thrombolysis and mechanical devices, had a higher rate of hemorrhagic transformation, including parenchymal hematoma. This observation is consonant with the experience in MCA infarction series [14] . It is likely that this association results both from more prolonged ischemia due to refractory occlusions, which prompted combined therapy, and from injury to the vessel wall due to repeated instrumentation and trespass in the course of combined therapy. In the future, pretreatment permeability imaging abnormality may identify patients in whom a more conservative approach to treatment should be pursued.
There are several limitations in our study. The small sample size constrains the precision of statistical results and the current study is essentially an observation of an association between a single post-treatment parenchymal hematoma event and a baseline perfusion-weighted imaging characteristic in a small series of posterior circulation ischemic stroke. Also, patients were treated with a variety of recanalization therapies, including pharmacological thrombolysis alone (intravenous or intra-arterial), mechanical device alone, or combined therapy. These different treatment modalities are likely to have both commonalities and contrasts in the features that predict hemorrhagic transformation after their use. Larger, multicenter studies are warranted to confirm and refine the role of permeability imaging in predicting hemorrhagic transformation after recanalization therapy in posterior circulation stroke.
In conclusion, pretreatment permeability abnormality, an indicator of blood-brain barrier derangements, is an infrequent finding in acute posterior circulation ischemic stroke and may be associated with an increased risk of parenchymal hematoma development undergoing recanalization therapy. With confirmation and refinement in larger studies, permeability imaging may enhance the benefit-risk ratio of recanalization therapy in posterior circulation stroke patients.
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